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The thermogravimetric analysis (TGA) was performed with TGA Q600 SDT TA Instruments apparatus (New Castle, DE, USA) at a heating rate of 10 °C/min under dry nitrogen (flow velocity 10 mL/min).
Steady-state UV-vis absorption measurements
UV absorption peaks were measured by Hitachi U-3010 absorption spectrophotometer with THF as solvent. And the corresponding samples were solved in THF to a 10 μM concentration prior to the measurements, unless otherwise stated. 2 
Steady-state photoluminescence measurements
Photoluminescence (PL) spectra were measured by Hitachi F-4500 fluorescence spectrophotometer, with the excitation wavelength of 370 ± 5 nm. Moreover, the solid fluorescence quantum yields ( PL  ) values were determined employing a calibrated integrating sphere system ( exc  = 370 ± 5 nm). 3 
Photoluminescence lifetime measurements.
Time-resolved photoluminescence decay spectra were tested at room temperature with an Edinburgh FLS 920 Fluorescence spectrometer.
LECs Device fabrication and characterization 1 .5*1.5 cm 2 indiumtinoxide (ITO, 20 ohms/square; Thin Film Devices, Anaheim, CA) with a thickness of 188 nm on a glass substrate were sequentially cleaned via acetone, methanol, isopropanol, and DI water in a sonicator, each for half an hour. Light-emitting electrochemical cells (LECs) were prepared by successively spin-coating ITO-coated glass substrates with poly(3,4-ethylenedioxythiophene)-poly(styrene sulfonate) (PEDOT-PSS, Aldrich; thickness: d = 50 nm) and active, material. The thickness of the active material was 100 nm. Consequently, a 150-nm Au top S4 contact (cathode) were deposited by thermal evaporation through a shadow mask at p < 2 *10 -4 Pa. The active area of each LEC device was 13 mm 2 . All of the above device preparation procedures and measurements, were carried out in argon-filled glovebox ([O2] < 3 ppm, [H2O] < 0.5 ppm), except for washing the substrates and depositing PEDOT-PSS. 6 Typical electroluminescence (EL) spectra and CIE coordinates were determined by a PR650 spectra colorimeter. The current-voltage and brightness-voltage curves of devices were measured using a Keithley 2400/2000 source meter and a calibrated silicon photodiode. All the measurements were carried out at room temperature under ambient conditions. 7 Similar as for OLEDs, the external quantum efficiency (EQE) of LECs is expressed by Eq. (4):
γ is the charge balance coefficient, ηs,t is the spin coefficient, qeff is the effective radiative quantum factor and ηout is the out-coupling factor. 8
Ink fabrication [9] [10] [11] The best performing ink formulation was subsequently used for the fabrication of a series of thin hybrid titania-silica film samples of variable thicknesses. Simple square 20 × 20 mm and 40 mm × 40 mm patterns were printed onto the microscopic and custom-cut glass substrates, respectively. Printing was repeated up to four times to obtain different overall thicknesses of titania-silica layers. Each layer was completely dried after printing so that the following layer was printed in the "wet-to-dry" manner.
The deposition process was finalized by drying at 110 °C for 30 min to remove the high-boiling point components of the printing composition. Among them, the compound 1c (15 mg*ml -1 ) were separately dissolved in cyclohexanone in the mixture of PEO (10 mg ml -1 ) under stirring at 50 °C . The activematerial ink was stirred on a magnetic hot plate at 50 °C for >4 h before further processing. The S5 thickness of corresponding material was 105 nm, as measured with a stylus profilometer (Dektak XT, Bruker, US).
A 1 by 1 cm square patch was printed on one of the FTO strips created by scratching the FTO slides, thus forming the working photoanode, while the second strip remained naked for use as the counter electrode. Photoelectrodes of various thicknesses, with the thickest consisting of ten overprinted layers, were fabricated.
Synthesis
Starting from hydroxyacetophenone, CH3I, rubeanic acid and PYR, CAR, FLUO as materials step by step, the bithiazole derivatives 1a-1c was prepared according to the literature (Scheme S1). [12] [13] [14] [15] [16] 
4,4'-bis(2-methoxyphenyl)-5,5'-bis(9-phenyl-9H-carbazol-3-yl)-2,2'-bithiazole (1a)
Yellow solid, yield 88%; UV-vis (CH2Cl2) λmax: 331 nm; 1 As an important reaction yielding aryl-aryl bonds, Suzuki coupling reaction, especially palladium catalyzed Suzuki coupling reaction is widely used in synthetic drugs, natural products, polymers and etc due to its many advantages, such as high yield, good regioselectivity, easy purification, convenient operation. 17, 18 Hence, a series of novel bithiazole derivatives 1a-1c were synthesized by the Suzuki coupling reaction between compound 4 and the respective heteroarylboric acid in the presence of a palladium catalyst, with the isolated yields ranging from 86 to 91% (Scheme S1). When π-conjugated small molecules are applied to LECs fabrication, their thermal properties are usually examined by TGA. Meanwhile, (10% weight-loss temperature) is a standard for the thermal durability of these compounds. 22 Those compounds have been checked by TGA measurements, the data are illustrated in Figure S1 and summarized in Table S1 .
4-(2-methoxyphenyl)-2-(4-(2-methoxyphenyl)-5-(pyren-4-yl)thiazol-2-yl)-5-(pyren-4-yl)thiazole (1b)
In Figure S1 , although they are heated to 250 °C, they can remain unchangeable, and they varied from 338 to 367 °C, indicating that all the compounds are high thermal stability. Moreover, both of the values for 1a and 1b were higher than 350 °C, while the one for 1c was 338 °C. And the reason may be that both triphenylamine and carbazole contain no more than one aromatic group, which would remove S9 the alkyl groups in the side chain of electron-donating moiety and increase the crystallization characteristic, enhancing thermal stability. 22 Hence, it can be concluded that they are thermally stable and suitable for LECs fabrication by vapor deposition. 23 Table S1 . Physical properties of the compounds 1a-1c 
